Structural and optical properties of alkali borosilicate glass prepared from coal fly ash  by Kanjanakul, P. et al.
Procedia Engineering 32 (2012) 740 – 744
1877-7058 © 2012 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2012.02.006
Available online at www.sciencedirect.com
I-SEEC2011 
Structural and optical properties of alkali borosilicate glass 
prepared from coal fly ash 
P. Kanjanakula,b, J. Kaewkhaob,c, P. Limsuwana,c, C. Kedkaewa*  
aDepartment of Physics, Faculty of Science, King Mongkut’s University of Technology Thonburi, Bangkok, 10140, Thailand 
bCenter of Excellence in Glass Technology and Materials Science (CEGM), Faculty of Science and Technology,  
Nakhon Pathom Rajabhat University, Nakhon Pathom, 73000, Thailand 
cThailand Center of Excellence in Physics, CHE, Ministry of Education, Bangkok 10400, Thailand 
Elsevier use only: Received 30 September 2011; Revised 10 November 2011; Accepted 25 November 2011.  
Abstract 
Coal fly ashes from paper industry in Thailand have been melted with addition of H3BO3 and Na2CO3 to obtain 
glasses. The compositions and structure of fly ash were analyzed by energy dispersive x-rays spectrometer (EDXRF) 
and x-ray diffractometer (XRD) respectively. The results show that, density and refractive index of glasses were 
increased with increasing concentration of fly ash. The molar volume result indicated that the glass structure was 
more compacted, with increasing of fly ash. The absorption spectra measured in the range of 200 – 2000 nm shown 
board peaks of Fe2+ and Fe3+ absorption around 450 and 1100 nm respectively. 
 
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of I-SEEC2011 
  
Keywords: Glass; Ashes; Refractive index; Industrial Waste 
1. Introduction 
Coal are used as fuel in the power plant, cement, and factories to produce steam in other such as paper, 
fiber, food, metal, etc.. In Thailand, the coal used as fuel in various industries, many in the aggregate 
amount of more than 34 million tons by a coal-based sources in the country nearly 20 million tons and 
coal imported from abroad, more than 14 million tons [1].  When coal was burned, there are usually 4-25 
wt% ashes remain and consist of the fly and bottom ashes about 90 wt% and 10 wt% fly ash, respectively 
[2]. Usually, fly ashes are industrial wastes which can be recycled as a raw material for cement 
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composition. But, the usage in the cement production has its limitation due to the each of fly ashes 
fluctuated composition which affected to quality of cement [3]. 
     Fly ashes in each source have different composition. Silicates, carbonates, clays, sulfates and oxides 
dominate the mineral matter in coals [4-6]. Due to the purification of fly ash and the silica contents is not 
much, so it is not likely to be the main agent in the formation of the glass.  But it can be used as fill 
material by the addition of a glass former, such as boron trioxide (B2O3), phosphorus pentoxide (P2O5) 
glass or silicon dioxide (SiO2) system [7]. Besides the above compounds, fly ashes also contain other 
transition metals compound, Fe2O3, TiO2, MnO, etc., and these elements affected to glass colors [8-9].  
The aim of this paper was to study the possibility of preparing alkali borosilicate glasses and 
investigated physical and optical properties of glass from fly ash source. 
2. Experimental Details 
      The fly ash samples used in this study were collected from the paper industry located in the west of 
Thailand. The chemical composition of fly ash was collected by energy dispersive X-ray fluorescence 
(EDXRF, Panalytical-minipal4) spectroscopy. The structures of fly ash were displayed in X-ray 
diffraction (XRD) pattern.  The fly ashes and two chemical reagents were mixed into an alumina crucible 
and corresponded with (80-x)B2O3 : 20Na2O : xSiO2, where x is 20, 25, 30, 35, 40, and 45 % by weight 
and SiO2 represented the fly ash quantity. The melt quenched techniques were used at 1,100 qC 
temperatures for 3 hour.  The melting-glass was poured onto a stainless steel mold and then it was 
annealed again at 500 qC for 1 hour and slowly cooled down to room temperatures. 
      The physical properties and optical properties were investigated. The density was measured by 
Archimedes’s method using water as working liquid at room temperature. The density of glass is 
calculated from formula: 
ȡ = w
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W
WW(    (1) 
where ȡ is density of samples , WA is the weight of the sample in air , WB is the weight of the sample in 
water (ȡwater= 1.0000 g/cm3).  The refractive index was measured by Abbe refractrometer (ATAGO) and 
use mono-bromonaphthalene for adhesive coating. The absorption spectra of glass samples were carried 
out by UV-Visible-NIR spectrophotometer (Shimadzu, UV-3100) at room temperature. Using CIE 
L*a*b* standard system to calculated colorof glass samples. 
3. Results and Discussion 
The elemental composition of fly ash samples used in this work is summarized in Table 1.  The SiO2 
(29.20%), CaO (24.28%), Al2O3 (20.80%), and Fe2O3 (11.70%) were majority compounds and 0.67% of 
other compounds found in the tested fly ash. 
Table 1. The chemical composition of fly ash samples. 
Majority compound Minority compound 
Compound %weight Compound %weight 
SiO2 29.20 SO3 5.32 
CaO 24.28 TiO2 2.40 
Al2O3 20.80 P2O5 2.15 
Fe2O3 11.70 K2O3 1.78 
  MgO 1.70 
  Other  
(Cr2O3, MnO, CuO, ZnO) 
0.67 
742  P. Kanjanakul et al. / Procedia Engineering 32 (2012) 740 – 744
The XRD pattern of fly ash sample was shown in Fig. 1.  The XRD pattern of fly ash which scanning   
present structure of silicon dioxide (SiO2, JCPD file; 77-1060), Gehlenite (Ca2Al(AlSi)O7, JCPD file; 87-
0969), and Kilchoanite (Ca6(SiO4)(Si3O10) , JCPD file; 85-1048).  The silicon dioxide was the major 
phase with triclinic (a=4.91600, b=91700, c=5.40700).   
 
 
Fig. 1. XRD pattern of fly ashes form paper industry in Thailand 
      The density was increase corresponding with polynomial function when added fly ash into the glass 
network.  It indicated that the B2O3 replacing by fly ash affected to the increase of the average molecular 
weight of oxide ions in the glass due to the fly ash has a higher relative molecular weight than the B2O3.  
The molar volume, which is the ratio between the molecular weight and the density, was calculated. The 
variation of the density and the molar volume of alkali borosilicate glass samples for different fly ash 
concentrations were shown in Fig. 2.     
 
 
Fig. 2. The relation between density and molar volume of glass    
            samples with different fly ash contents 
Fig. 3. The density and refractive index of glass sample as a   
            function of the fly ash content 
      The refractive index of glass samples were increased with increasing of fly ash concentrations.  
Theoretically, the refractive index is a function of density and mean polarizability of the medium [10]. So 
the relation of the density and refractive index of glass samples as a function of the % weight of fly ash 
content increased with a little polynomials function.  The increase with polynomial function affected to 
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the correlation between the density and the refractive index was shown in Fig. 3.  The ratio of the density 
and refractive index decrease as to addition the % weight of fly ash contents.   
 
Fig. 4. The optical spectra of alkali borosilicate glass samples for different fly ash concentrations at room temperature 
 
    The optical spectra and colors of alkali borosilicate glass samples were displayed in Fig. 4 and Fig. 5, 
respectively.  From Fig. 4, the optical spectra of the glass sample exhibited the absorption edge which 
was not sharply around 380  and 450 nm due to the Fe3+ ions and a broaden band around 1,100 nm due to 
the Fe2+ ions.  The both of Fe ions were found fly ash content and they can be transferred electron as 
represent by the oxidation-reduction equilibrium equation [11-12]:   
                2
223 OFe4O2Fe4 l    (2) 
       The Fe3+ and Fe2+ ions for alkali borosilicate glass in this work give green to yellow colors as 
displayed in Fig. 5.  The brightness of glass samples were decrease with increasing the fly ash contents.  
 
 
Fig. 5. The CIE L*a*b* color scale of alkali borosilicate glass samples for different fly ash concentrations 
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4. Conclusion 
Fly ash from paper industrial waste can be used to additional material for produced alkali borosilicate 
glasses. The physical properties, which were density, molar volume, and refractive index, of glass 
samples depend on the fly ash content with slightly polynomial function.  The optical spectra of glass 
samples exhibited the absorption due to Fe2+ and Fe3+ ions which found in fly ash source.  These Fe ions 
affected to colors in shade green to yellow which depend on the ratio between Fe2+ and Fe3+ ions in glass 
matrix.   
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